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Abstract
The present study examined whether cardiovascular habituation to stress is affected by a
change in the physical context in which a stressor is encountered. Twenty-five
undergraduate students at the University of Central Florida, Palm Bay Campus, were
exposed to 4 trials of a stressor consisting of mental arithmetic while under evaluative
observation. It was hypothesized that if participants experienced a change in the physical
context in_which stress was experienced on the final trial, they would demonstrate
impaired habituation to stress as indicated by measures of heart rate and blood pressure.
Physical context was manipulated by either asking participants to move to another room
upon the final exposure to the stressor or to remain in the same room in which they were
initially exposed to the stressor for the final exposure. Participants were randomly
assigned to one of 2 conditions, the Stable Room Condition (N = 10) or Novel Room
condition (N = 15). Participants in the Stable Room Condition remained in the same
physical context, or same room, throughout all trials and displayed habituation of systolic
.blood pressure, diastolic blood pressure, and heart rate. Participants in the Novel Room
condition were exposed to the same stressors, but were moved to a different physical
context, or new room upon the final trial. The results demonstrated that participants in the
novel room condition displayed significantly impaired habituation on measures on
systolic blood pressure (p < .00-1) and diastolic blood pressure (p < .001). However, no
significant difference in heart rate was observed between groups. These results indicate
that a simple change in the physical context in which stress exposure occurs impairs
cardiovascular habituation to stress. Implications and directions for future research are
discussed.
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Introduction
Prolonged exposure to stress is a major concern in the modem world. McEwen
(2000) defines stress as "a threat; real or implied, to the psychological or physical
integrity of an individual" (p. 108). The physiological response to stress involves
elevations in heart rate, blood pressure, and vascular resistance, as well as secretion of
hormones such as catecholamines (norepinephrine (NE) and epinephrine) and
glucocorticoids (cortisol, corticosterone {CORT}, and cortisone). According to a wealth
of research, stress and the associated response can produce a wide range of physical and
psychological health detriments (Baum & Posluszny, 1999; Chrousos & Kino, 2007;
Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002). Due to the potential aversive
consequences of stress, it is necessary to research the mechanisms which contribute to the
stress response and, more importantly, factors that reduce the stress response. The present
study will focus on one factor which aids in reducing the duration of stress reactions:
stress response habituation, the process by which the intensity of stress reactivity declines
. in response to subsequent exposures to stressors that are homotypic, or the same.
Prolonged stress exposure has numerous effects on physiological and
psychological well-being. The impact of stress on health includes detriments to the
cardiovascular, immune and neurological systems. Increases in long-term stress also
increase the likelihood of mental illness and reduce cognitive functioning. The following
section is a review of the detriments of stress and presents a case for the importance of
investigating factors that mediate the stress response.
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Impact ofStress on Physical Health
Cardiovascular health. Heart disease claims more lives every year than any other
disease (Minino, Heron, & Murphy, 2007), and stress appears to be correlated with
decreased cardiovascular health. Heightened cardiovascular reactivity and inadequate
recovery from stress have been implicated in the etiology of hypertension and coronary
heart disease (Krantz & Manuck, 1984; Lovallo & Gerin, 2003; Mathews, Wood, &
Allen, 1993). In addition, stress results in elevation of blood pressure and glucocorticoids
which in turn promote atherosclerotic plaques and subsequent arterial congestion
(McEwen, 2005)', and contributes to cardiovascular risk (Chrousos and Kino, 2007).
Furthermore, a relationship between blood pressure reactivity and future hypertension has
also been identified (Baum & Posluszny, 1999), and some evidence implicates stress as a
contributing factor to stroke occurrence and poor o.utcomes following stroke (see Devries,
Craft, Glasper, Neigh, & Alexander, 2007).

Immunity. Stress exerts effects on the immune system as well. Acute stress
. enhances immune responses, whereas chronic stress suppresses immunity (McEwen,
2000). For example, Glaser, et al. (1992) found that immune responses to vaccination
(and by implication immune responses to pathogens) can be disrupted by mild stressful
events in young, healthy adults. A study of 276 healthy volunteers found that stressors
lasting more than a month were the best predictors of developing a cold (Cohen, Frank,
Doyle, Skoner & Rabin, 1998). Further studies indicated that caregivers of ill family
members (a situation known to be chronically stressful) experience significantly more
days of infectious illnesses (primarily upper respiratory tract infections) as compared to
non-caregivers (Kiecolt-Glaser, Dura, Speicher, Trask& Glaser, 1991 ). Similar results
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were found in gay men with HIV who concealed their homosexuality as compared to
those who were open about their sexuality (Cole, Kemeny, Taylor, & Visscher, 1996).
Along with increasing the risk for infectious illnesses, stress slows wound healing
as well. The dysregulation of glucocorticoid secretion associated with prolonged stress
responses can lead to decreases in proinflammatory cytokines (Glaser, et al. , 1999). This
decline in cytokines is one mechanism by which wound healing can be impaired (Barbul,
1990). Restraint stress in mice led to increases in (CORT), which in turn led to decreases
in proinflammatory cytokine production and ultimately resulted in slower wound healing
(Padgett, Marucha, & Sheridan, 1998). Similar results have been identified in humans,
for example, perceived life stress and salivary cortisol levels are inversely related to
proinflammatory cytokines levels in the local wound environment (Glaser, et al., 1999).
Caregivers have displayed slower wound healing than non-caregivers and significantly
reduced plasma levels of interleukin 1 Beta and leukocyte messenger RNA (mRNA)
(Kiecolt-Glaser, Marucha, Malarkey, Mercado, & Glaser, 1995). Similarly, college
students' wound healing decreased by 40% and interleukin 1 Beta and leukocyte mRNA
declined by 68% during examinations as compared to summer vacation (Marucha,
Kiecolt-Glaser, & Favegehi, 1998). This decline in leukocyte mRNA and
proinflammatory cytokines (including interleukin I Beta) slows wound healing through
decreases in proliferation of Helper T cells and protein synthesis (Tortora & Grabowski,
2003).
Stress and the brain. Detriments due to stress reactivity can be observed in
neuroanatomy and neurophysiology as well. While acute stress can lead to temporary
neuroplasticity and increased memory functioning (McEwen, 1998), extreme and chronic
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stress can suppress neurogenesis in the dentate gyrus and cause debranching and
shortening of dendrites in the hippocampus which may lead to memory impairment.
Stress has been identified as a factor causing dendritic atrophy in male rats and monkeys
as well (see McEwen, 2000).
Other health detriments. The stress response is also linked to autoimmune
inflammatory and rheumatoid disorders such as rheumatoid arthritis and fibromyalgia.
Somatic disorders too, such as chronic fatigue and chronic pain syndromes are associated
with increased stress levels along with temporomandibular disorder, migraine headaches,
gastritis, ulcerative colitis, irritable bowel syndrome, asthma, and osteoporosis (Chrousos
& Kino, 2007; Crofford, 2007; Tortora & Grabowski, 2003).

Longitudinal studies have indicated that high stress is significantly related to
tumors as well (Ohman, Bergdahl, Nyberg, & Nilsson, 2007). Furthermore, research
indicates that stress contributes to Parkinson's disease (Zigmond and Stricker, 19&4) and
cancer (Kiecolt-Glaser, 1985). For example, Kiecolt-Glaser (1985) found significantly
. poorer DNA repair in lymphocytes in stressed individuals. Furthermore, psychological
stress is also associated with alteration in Natural Killer (NK) cell activity and
dysregulation of hormones and apoptosis, all ofwJ->jch contribute to the etiology of cancer
(Kiecolt-Glaser & Glaser, 1999b cited in Kiecolt-Glaser, McGuire, Robles, & Glaser,
2002). It is clear from this histo.ry of research that exposure to chronic stress has a
detrimental effect on the vital systems of the body.
Impact ofStress on Psychological Health
Psychological health. The health deficits associated with stress are not limited to
physical ailments. Stress plays a major role in psychological disorders (McEwen, 1998).
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For example, NE, which is secreted during stress, has regulatory effects on mood
(Tortora & Grabowski, 2003), and long term stress is thought to contribute to decreases
in serotonin production (LeDoux, 2002), both of which are neurotransmitters implicated
in depressive and bipolar disorders (Comer, 2005; Tortora & Grabowski, 2003). A tenyear longitudinal study found a significantly greater occurrence of psychological
disorders in high stress groups as compared to low stress groups. Additional empirical
studies have reported correlations between stress and depression (Keicolt-Glaser, et al.,
1991), and stressful life events often precede the onset of depressive episodes (for a
review see Hammen, 2005). Glucocorticoid dysregulation resulting from prolonged stress
is also linked to anxiety, depression, and insomnia (Chrousos and Kino, 2007). Stress
induced structural changes in brain regions such as the hippocampus have clinical
ramifications for disorders like depression and post--traumatic stress disorder (PTSD), as
well as individual differences in the aging process (McEwen, 2000). In congruence with
these studies, a meta-analysis of caregivers found significantly greater incidences of
. depression compared to non-caregivers (Pinquart and Sorenson, 2003).

Cognition. Finally, stress and the associated stress response can produce deficits
in cognition and motivation. Numerous studies have found cognitive decline and
impaired memory consolidation and retrieval resulting from stress (Lupien and McEwen,
1997; Roozendaal, 2000). A longitudinal study illustrated that women with elevated
urinary cortisol (an indicator of stress) over 2.5 years showed declines in cognitive
performance and hippocampal-related memory (McEwen, 2000). Spatial memory
acquisition impairments have been found in mice exposed to chronic stress (Dawood,
Lumley, Robinson, Saviolakis, & Meyerhoff, 2004), and human and animal models have
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illustrated that stress can impair hippocampal memory by altering the property of
hippocampal plasticity (Kim, Song, & Kosten, 2006). Researchers further theorize that
impairments in cognition and memory are due to glucocorticoid effects on adrenal
receptor density and affinity, neuron atrophy, and the modulation by glucocorticoids of
emotional memories in the amygdala (Lupien and McEwen, 1997). Also worthy of noting
are studies indicating reading impairments in school-aged children exposed to chronic
noise (Evans, Hygge, & Bullinger, 1995) and declines in motivation due to the effects of
stress on dopamine activity and dopamine receptor density (Lucas, et al., 2004).
Variables Affecting the Stress Response
Initially, the stress response serves as an adaptive mechanism which works to
mobilize the body and its resources in order to combat stressors (McEwen, 2000).
However, certain variables disrupt these adaptive functions which in turn leads to overstimulation of the hypothalamic-pituitary-adrenal (HPA) axis resulting in the previously
mentioned health detriments. When considering the adaptive potential of the stress
.response and the possible health detriments that follow maladaptive reactions to stress, it
necessary to identify the factors that influence stress and stress reactions.
Allostasis. The body's ability to adapt to stress and changing environments is
termed allostasis (Sterling & Eyer, 1988). When the body is under chronic stress and/or
arousal, the same mechanisms which bear adaptive value can begin to cause damage to
the body, a concept known as allostatic load (McEwen, 2000). An individual's
preexisting level of allostatic load prior to stress exposure influences the resulting stress
response. Greater levels of allostatic load lead to increases in stress reactivity and
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prolonged dysregulation of glucocorticoids and catecholamines (see Epel, McEwen, &
lckovics, 1998).

Appraisal. For an individual to experience the stress response, he/she must
appraise a certain situation or encounter as stressful (Lazarus & Folkman, 1984 cited in
Epel, McEwen, & Ickovics, 1998). Cognitive appraisal occurs in two stages, primary
appraisal, which consists of an evaluation of the potential threat or relevance of a stressor,
and secondary appraisal, consisting of an evaluation of one's resources for coping with
the stressor (Lazarus, 1968). The type or degree of appraisal, both primary and
secondary, that an individual applies to any given stressor invariably influences the
ensuing stress response (Lazarus & Folkman, 1984 cited in Epel, McEwen, & Ickovics,
1998; Folkman & Lazarus, 1985; Folkman, Lazarus, Gruen, & Delongis, 1986).
Furthermore, affective, physiological, and behavioral patterns resulting from the stress
response are altered as a function of cognitive appraisal (Tomaka, Blascovich, Kibler, &
Ernst, 1997). Stressors appraised as threatening, for example, result in higher subjective
. levels of distress, elicit more HPA-axis reactivity, and are associated with increased
vascular and peripheral resistance. In contrast stressors appraised as challenges result in
the more adaptive sympathetic-adrenal-medullary (SAM) responses (Epel, McEwen, &
Ickovics, 1998; Lundberg & Frankehaueser,1980; Tomaka, Blascovich, Kelsey, &
Leitten, 1993) which in tum are associated with more active coping, greater positive
affectivity, better emotional adjustment, and decreased neuroticism (Forsman, 1980;
Johansson, Frankenhaeuser, & Magnusson, 1973; Maier, Waldstein, & Synowski, 2003;
Rauste-von Wright, von Wright, & Frankenhaeuser, 1981).

7

Chronicity. The chronicity of stress exposure influences the intensity of the stress
response as well. Chronic stress impairs the HPA-axis negative feedback loop' s ability to
suppress further glucocorticoid secretion resulting in prolonged exposure of body systems
to potentially harmful glucocorticoids (Sapolsky, Krey, & McEwen, 1986). Chronic
stress also wears out catabolic systems, resulting in allostatic overload which then
facilitates disease processes (Epel, et al., 1998). Animals under chronic stress are more
prone to learned helplessness (Weiss, 1975; Weiss, Glazer, Pohorecky, Brick, & Miller,
1975 cited in Epel, McEwen, & Ickovics, 1998) and decreases in body weight gain,
whereas intermittent stress is associated with physiological toughening (adaptive
physiological reactivity) and positive health outcomes including increased life span in
rats (see Epel, McEwen, & Ickovics, 1998).
Control. Arguably the most salient variable affecting the stress response to acute
stressors is controllability (Sapolsky, 1994). Uncontrollable stressors tend to exaggerate
stress reactions. For example significantly greater increases in plasma concentrations of
_norepinephrine (NE), epinephrine, and CORT have been found in rats exposed to
uncontrollable, as compared to controllable, footshocks (Swenson & Vogel, 1983).
Increases in plasma cortisol concentrations have been identified in primates exposed to
high volumes of uncontrollable noise, whereas no differences were found in primates
exposed to controllable noise and no noise (Hanson, Larson, Snowdon, 1976).
Interestingly, rats exposed to controllable stressors displayed increases in CORT levels
when methods of control were removed, even when no stressors were present (Coover,
Ursin, & Levine, 1973). Some researchers hypothesize that control may be inversely
related to fear arousal, and found decreased anticipatory and performance distress as
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control was increased (Bandura, Reese, & Adams, 1982). Furthermore, stressors
perceived as manageable result in more adaptive physiological reactivity and decreases in
cortisol secretion (Farrace, Biselli, Urbani, & Ferlini, 1996).
Human studies have yielded congruent results, showing increases in control to be
correlated with decreased stress reactivity as evidenced by decreased NE levels (see
Karasek, Russell, & Theorell, 1982). Individuals performing stressful tasks displayed
minimal sympathetic reactions when perceived control was high, however, sympathetic
reactivity increased substantially when perceived control was only moderate (Bandura,
Taylor, Williams; Mefford, & Barchas, 1985). Similarly, negative correlations between
control and cortisol reactivity have been illustrated in elderly populations exposed to
naturalistic stress (Seeman, Berkman, Gulanski, & Robbins, 1995), and control over
environment has been linked to healthy aging in a study of nursing home occupants (see
Beckingham & Watt, 1995). More recently, high perceived control has been linked with
decreases in systolic blood pressure (SBP) and smaller increases in peripheral vascular
_resistance as compared to low perceived control (Weinstein, 2000).

Stressor intensity. The intensity of a stressor is positively correlated with the
degree of stress reaction (Sapolsky, 1994; Shors & Servatius, 1997). Serum CORT, cyclic
adenosine monophosphate (cAMP), and glucose levels are sensitive to graded increases
in stressor intensity (Armario, Montero, & Blasch, 1986; Merino, Cordero, & Sandi,
2000). Stress behavior in rats (defined as increased vocalizations and jumping) exposed
to foot shocks increased positively with stressor intensity as well (Huhman, Hebert,
Meyerhoff, & Bunnell, 1991 ). Similarly, both animal and human research has shown that
indications of worsening stressors are correlated with increases in stress reactivity
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(Sapolsky, 1994). For example, basal glucocorticoid concentrations decreased in parents
of cancer patients who showed signs of improvement, while the inverse was true for
parents of children whose condition was worsening (Hofer, Wolff, Friedman, & Mason,
1972a; Hofer, Wolff, Friedman, & Mason, 1972b; Wolff, Friedman, Hofer, & Mason,
1964).

Predictability. Predictability of stressors allows an organism to prepare for and
expect approaching stress, which aids in reducing the intensity of the stress response.
Unpredictable stressors, on the other hand, are correlated with increases in stress
reactivity (Hennessy, King, McClure, & Levine, 1977; Mason, 1968), such as increases
in CORT (Bassett, Caimcross, & King, 1973). Despite this research, however, the
literature reveals some contradictory results such as increases in stress reactions to
predictable, as compared to unpredictable, stressors which may be due to increases in
anticipatory anxiety associated with the knowledge of an incoming stressor (Pitman, et al.
1995; Miller, Greco, Vigorito, & Marlin, 1983 cited in Pitman, et al., 1995). Clearly more
. research is needed to investigate the factors that contribute to stress reactions in relation
to stressor predictability.

Stress Response Habituation
As previously mentioned, the stress response is initially an adaptive mechanism
serving to reduce any potential threat posed by a stressor (McEwen, 2000). One
particularly adaptive part of the stress response is habituation. Habituation is the process
by which the intensity of stress reactivity declines in response to subsequent exposures to
stressors that are homotypic, or the same. This process reduces potentially harmful
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effects of prolonged sympathetic reactivity and exposure to glucocorticoids (McEwen,
1998; Rothbaum, Kozak, Foa, & Whitaker, 2001 ).
Hans Selye first identified· the habituation process ( 1937 cited in Pitman, et al.,
1995), finding diminished visceral activation following repeated exposure to noxious
stimuli. Since Selye' s observations in I 937, a multitude of studies have replicated and
expanded upon his research by identifying habituation of various physiological
mechanisms in reaction to a variety of stressors. For example, SAM habituation, as
evidenced by decreases in plasma catecholamines, has been observed in rats exposed to
repeated restraint stress (Konarska, Stewart, & McCarty, 1989b; Konarska, Stewart, &
McCarty, 1990b). Heart rate and other sympathetic indices have provided evidence of
SAM habituation to psychological stress in human subjects as well (Kelsey, et al., 1999;
Kelsey, et al., 2000; Kelsey, Soderlund, & Arthur, 2004; Schommer, Hellhammer, &
Kirschbaum, 2003).
HP A-axis habituation to stress has been identified as well (Jaferi, Nowak,
.Bhatnagar, 2003). CORT (Pitman, et al., 1995) and cortisol reactivity (Grissom, Iyer,
Vining, & Bhatnagar, 2007) have both been show to habituate in rats exposed to repeated
stress, and habituation of adrenocorticotropin hormone (ACTH) responses follow similar
patterns (Burchfield, Woods, & Matthew, 1980). Other research has produced similar
results and illustrated that habituation of HPA-axis reactivity remains intact for several
weeks after stress exposure was terminated (Bhatnagar, Huber, Nowak, & Trotter, 2002).
Habituation ofHPA-axis reactivity has been illustrated in humans as well
(Deinzer, Kishchbaum, Gresele, & Hellharnmer, 1997). Gerra, et al. (2000) found
habituation of ACTH and CORT responses in humans exposed to a number of different
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stressors. Similarly, CORT and cortisol habituation has been observed in human
participants exposed to social stress (Kirschbaum, Prussner, Stone, Federenko, et al.,
1995; Schommer, Hellhammer, & Kirschbaum, 2003).
In addition, nociception, or pain reception, habituation has also been illustrated.
Rats exposed to repeated pain displayed pain thresholds similar to controls and
significantly lower than rats exposed to acute pain (Bodnar, Kelly, Spiaggi, & Glusman,
1978). This is not to be confused with sensory adaptation which occurs within sessions,
as opposed to habituation which occurs across repeated sessions. Whether this
habituation is due· to catecholaminergic mechanisms, enkephalin and endorphin activity,
or increased activation of substance P has yet to be clarified.
Variables Affecting Stress Response Habituation
Habituation plays an adaptive role in promoting health by reducing the duration of
stress reactivity in an organism (McEwen, 2000). Researchers identified a positive
correlation between stress response habituation and psychological recovery from trauma
_(Epel, McEwen, & lckovics, 1998). Similarly, rape victims who developed PTSD showed
significant decreases in habituation to acute stressors, as compared to both rape victims
who did not develop PTSD and to non-rape victims. These results suggest that the ability
to habituate to stress relates to both physical and psychological health.
Certain characteristics of stressful encounters, however, may play a role in
disrupting or reducing the habituation process (Kirschbaum, et al., 1995; Levine, 2000).
Some research suggests that habituation does not always follow repeated exposure to
homotypic stressors (Barnum, Blandino, & Deak, 2007). Considering the adaptive value
of habituation, it is necessary to investigate the factors that contribute to its attenuation.
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As noted previously, certain stressor characteristics such as appraisal, control, and
intensity can affect the ensuing stress response (Levine, 2000). These and other factors
influence the process of habituation as well.
Appraisal. The type of appraisal applied to a stressful experience influences the
stress response (Lazarus & Folkman, 1984 cited in Epel, McEwen, & Ickovics, 1998;
Folkman & Lazarus, 1985; Folkman, Lazarus, Gruen, & Delongis, 1986). Appraisal
influences_the process of habituation as well. Stressors appraised as challenging, as
compared to stressors appraised as threats, are more prone to habituation (Schneider,
1997). One study documented habituation of cardiovascular reactivity to stressors
appraised as challenging, but found no such habituation when stressors were appraised as
threatening (Blascovich, Mendes, Hunter, & Salomon, 1999). Research also indicates that
individuals may reappraise stress on subsequent exposures and that such reappraisals
affects subsequent reactivity to stress (Quigley, Barret, & Weinstein, 2002). Reappraisals
of stressors as more threatening on subsequent exposures are negatively correlated with
pabituation (Kelsey, et al., 2000).
Chronicity. Just as chronicity of stress influences the stress response (Epel, et al.,
1998), chronic stress exerts effects on the process of habituation too. Chronic stress and
the associated elevated levels of cortisol can impair the HPA-axis negative feedback
loop' s ability to suppress further.HPA-axis reactivity (Sapolsky, Krey, & McEwen,
1986). On the other hand, when intervals exist in between stress exposure allowing time
for recovery, habituation can occur (Miller, 1980 cited in Epel, McEwen, & Ickovics,
1998).
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lnterstressor interval length. The speed with which habituation develops appears
to be related to the interstressor interval length (De Boer, Koopmans, Slangen, & Van
Der Gugten, 1990). Souza and Van Loon (1986) found habituation in rats exposed to
stress at 30 minute intervals, but not at 90 minute intervals. Human studies produce
congruent results, failing to identify habituation at 1 week (Kaye, et al., 2004), 4 weeks
(Hamer, Gibson, Vuononvirta, Williams, & Steptoe, 2006), and at 3 month intervals
(Hamer, B_outcher, Park, & Boutcher, 2006). Another study found only cardiac
habituation, but not vascular habituation, impaired due to increased interval length
between stress exposures (Kelsey, et al., 1999). Increased interval length between stress
sessions has also been illustrated to produce sensitization on subsequent exposures
(Armario, Valles, Dal-Zotto, Marquez, & Belda, 2004). Sensitization refers to increases
in stress reactions on subsequent exposures to homotypic stressors.

Control. Research indicates that when an organism has control over stresso1
exposure, habituation is more likely to occur. Decreased HP A-axis habituation to
inescapable shock has been documented (Ottenweller, Servatius, Tapp, Drastel, et al.,
1992). Maier and Watkins (2005) found that learned helplessness, not habituation,
resulted from repeated exposure to uncontrollable stress. Human studies yield similar
results. For example, children exposed to uncontrollable, chronic noise displayed poor
stress response habituation (Evans, Hygge, & Bullinger, 1995).

Stressor intensity. Researchers have consistently established that stimulus
intensity is inversely related to the degree of habituation (Natelson, Ottenweller, Cook,
Pitman, et al., 1988; Pitman, Ottenweller, & Natelson, 1988; Pitman, Ottenweller, &
Natelson, 1990). Low intensity stressors delivered frequently produce habituation, but
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high intensity stressors delivered less frequently impair habituation (Konarska, Stewart,
McCarty, 1990a; Pitman, Ottenweller, & Natelson, 1990). Further evidence indicates that
high intensity stressors not only decrease an organism's ability to habituate, but can
actually lead to sensitization to stressors (Shors & Servatius, 1997). High intensity
stressors are also more positively related to the development of learned helplessness
(Weiss, 1975).
Social stress. The literature on habituation to social stress is somewhat

contradictory. Some studies have illustrated habituation in response to social stress
(Kirschbaum, Prussner, Stone, Federenko, et al., 1995; Schommer, Hellhammer, &
Kirschbaum, 2003). Conversely, other researchers assert that social stress impairs
habituation (Barnum, Blandino, & Deak, 2007). Bartolomucci, et al. (2003) found a lack
of habituation in mice exposed to social stress and illustrated that autonomic activation
was further influenced by mice social status. The literature does not directly address these
discrepancies; however, the majority of studies that demonstrate habituation to social
~tress include humans rather than animals as participants. Perhaps the human ability to
apply cognitive appraisals to social stressors reduces the intensity of the stress response
and thus increases the capacity for habituation. More empirical evidence is required to
establish whether the cognitive appraisal facilitates habituation in humans.
Introduction ofnovel stressors. Kant (1985) illustrated that the process of

habituation is stressor specific, meaning that habituation only occurs after repeated
exposure to homotypic stressors. Researchers replicated these results shortly thereafter
(Armario, Calderon, Jolin, & Balasch, 1986). A review of this topic has been published
by McCarty, Horwatt, and Konarsky (1988).
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When novel stressors are presented following habituation of repeated exposure to
homotypic stressors, the stress response can meet and even exceed initial levels of
reactivity. Furthermore this stress response to novel stressors following habituation to
homotypic stressors can surpass reactivity of naive animals exposed to novel stress (see
McCarty, 1994). Most researchers refer to this phenomenon as facilitation (Grissom, et
al., 2007). Facilitation has been observed in rats exposed to physical stressors such as
cold exp~sure (Konarska, Stewart, & McCarty, 1989a; K vetnansky, 2004), as well as
social, naturalistic stressors (Bhatnagar & Vining, 2003) and emotional stressors
(Armario, Valles·, Dal-Zotto, Marquez, & Belda, 2004).
The literature is not entirely clear regarding a distinction between facilitation and
sensitization. Many studies, however, refer to facilitation as an event that occurs after
habituation has occurred in response to homotypic-stressors, whereas sensitization is
commonly referred to as a process which develops on subsequent exposure to a
homotypic stressor after an initial exposure (generally the stressor will be highly intense
. or uncontrollable). For a current review of novel stressor exposure subsequent to repeated
stress and the neurophysiologic and neuroanatomical correlates see Sabban and Serova
(2007).
Stressor predictablility. A commonly held idea in habituation research is that
habituation is correlated with stressor predictability (Pitman, et al., 1995). Some studies
support this notion, finding more rapid habituation associated with highly predictable
stressors (Konarska, Stewart, & McCarty, 1989b). Researchers utilizing Pavlovian
conditioning to signal to rats the onset of stressor, thereby increasing predictability, have
found impaired habituation to stress. This impairment was attributed to arousal associated
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with anticipation of the stressor (Leaton & Cranney, 1990). Other studies have indicated
that predictable stressors impair habituation as well. Once again, the proposed
contributing causes were contextual cues and anticipatory anxiety (Pitman, et al., 1995).
Physical context and environment. Similar to the contextual cues that impair

habituation to predictable stressors, research has also identified disruptive environmental
conditions as a factor leading to impaired habituation (Kelsey, et al., 2004). Other
research ~as shown that rats exposed to stress in a particular environment would display
stress reactions when re-exposed to the same environment even without the presence of
any stressors (Shors, 1999). Moreover, fluctuations in the stress response have been
found when environmental and social groups were rotated according to random
permutation procedures (Mormede, et al., 1990). Guinea pigs were shown to display
increases in reactions to novel stressors in unfamiliar environments, as opposed to the
home environment (Haemisch, 1990). Isolation and non-enriched environments are
associated with impaired habituation and decreased learning, as compared to group
. housing and enriched environments (Schrijver, Bahr, Weiss, & Wurbel, 2002).
Changes in physical context are also associated with decreased learning and
recall. This phenomenon, termed context-dependent memory, was established by Godden
and Baddeley (1975) who illustrated that recall was impaired in human subjects when
learning and testing took place -i n different physical contexts. Smith, Glenberg, and Bjork
( 1978) also confirmed that a change in physical context impairs recall in humans. Animal
studies of context-depended memory reveal similar results. Rats trained in one
environment and subsequently tested in a novel environment displayed decrements in
performance, as compared to rats that were trained and tested in the same environment
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(Gordon, McCracken, Dess-Beech, & Mowrer, 1981). Recent research has continued to
identify physical context to have a moderating effect on learning and recall (Mishra &
Backlin, 2007; Shors & Servatius, 1997), and a meta-analysis of75 studies found
moderate to large effect sizes of context-dependent memory (Smith & Vela, 2001).
Despite a wealth of research identifying impaired habituation due to the
introduction of novel stressors, and research in stress and learning illustrating the
influenti~l effects of environment and contextual cues, only one study to date has
addressed the influence of novel versus familiar contexts on stress response habituation.
Grissom and colieagues identified habituation in rats exposed to homotypic stressor when
stress exposure occurred over several days in the same physical context (i.e.
environment). However, when rats were moved to a novel physical context on subsequent
exposures, impaired habituation was observed (Grissom, et al., 2007). As of yet, no
research has addressed the influence of previous stress exposure in the same context on
subsequent exposure to homotypic stress in novel contexts with human subjects .
. Hypotheses

The present study built upon the findings of Grissom and colleagues (2007) by
establishing habituation to stress in the same physical context and then identifying the
degree to which that habituation is impaired when the same stressor is presented to
human subjects in a novel physical context. It was hypothesized that participants who are
exposed to repeated homotypic stress in the same physical context, in this case the same
room, throughout all trials would display stress reactivity indicative of the normal
habituation process. This condition is referred to as the Stable Room condition. However,
when participants are subsequently exposed to homotypic stressors in a novel physical
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context, or new room, they will display impaired habituation. This condition is referred to
as the Novel Room condition. The current study assessed stress though measures of
cardiovascular reactivity, specifically systolic blood pressure (SBP), diastolic blood
pressure (DBP), and heart rate (HR). Response to the stressor was assessed across 5
trials, including an initial baseline to demonstrate that a) the task was stressful, b)
habituation occurred and c) physical context impaired habituation. Therefore, three
formal h~potheses were developed to test the degree of impaired habituation on each of
these measures.
Hypothesis 1: Habituation of systolic blood pressure to stress will be impaired
when subjects are exposed to homotypic stress in novel physical context.
a) SBP will rise from baseline to Trial 1 indicating a cardiovascular response
to the stressor.
b) SBP will fall from Trial 1 to Trial 3 indicating cardiovascular habituation
to the stressor.
c) SBP will continue to habituate on Trial 4 in the Stable Room Condition
whereas SBP will increase toward initial reactivity levels on Trial 4 in the
Novel Room condition as a result of impaired habituation due to a change
of physical context.
Hypothesis 2: Habituation of diastolic blood pressure to stress will be impaired
when subjects are exposed to homotypic stress in a novel physical context.
a) DBP will rise from baseline to Trial 1 indicating a cardiovascular response
to the stressor.
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b) DBP will fall from Trial 1 to Trial 3 indicating cardiovascular habituation
to the stressor.
c) DBP will continue to habituate on Trial 4 in the Stable Room Condition
whereas DBP will increase toward initial reactivity levels on Trial 4 in the
Novel Room condition as a result of impaired habituation due to a change
of physical context..
Hypothesis 3: Habituation of heart rate will be impaired when subjects are
exposed to homotypic stress in a novel physical context.
a) HR w ill rise from baseline to Trial 1 indicating a cardiovascular response
to the stressor.
b) HR will fall from Trial 1 to Trial 3 indicating cardiovascular habituation to
the stressor.
c) HR will continue to habituate on Trial 4 in the Stable Room Condition
whereas HR will increase on Trial in the Novel Room condition as a result
of impaired habituation due to a change in physical context.

These hypotheses are based on the previously noted research which identifies the
disruptive influence of novelty, environment, and contextual cues on stress response
habituation (Kelsey, et al., 2004; McCarty, Horwatt, & Konarska, 1998; Shors &
Servatius, 1997) and from the work of Grissom, et al. (2007) who have confirmed a
similar hypothesis in rats.

20

Method
Participants
A total of 26 male and female participants recruited from the University of
Central Florida, Palm Bay campus participated for extra credit to be applied to
psychology and education courses. Participants were randomly assigned to either Stable
Room (N = 11) or Novel Room (N = 15) conditions. Participants ranged in age from 18 to
48, (M =26.92, SD = 6.97). The sample consisted of 17 Caucasian participants (65.4%),
6 Hispanic/Latino participants (23. I%), 2 participants of Asian descent (7.7%), and 1
American Indian/Native American participant (3.8%). The sample was made up of 19
females (73.1 %) and 7 males (26.9%).

Measures
Measure ofCardiovascular Reactivity. Heart rate (HR), systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were assessed with the Omron Model HEM780 portable automatic inflation BP monitor. The Omron Model HEM-780 portable
•automatic inflation BP monitor is FDA approved and has been utilized in empirical, peer
reviewed studies (such as Alderman, Arent, Landers, & Rogers, 2007). HR, SBP, and
DBP were assessed 3 times at 1-minute intervals following a 2-minute resting period to
establish baseline values and ensure normotensive BP values. HR, SBP, and DBP were
assessed at the 25 second mark cluring each minute of the 4 trials (3 minutes per trial).
This procedure was modified (i.e. total number of HR, SBP, and DBP assessments
reduced) from Alderman, Arent, Landers, & Rogers (2007).

Laboratory Stressor. The laboratory stressor for the current study consisted of
participants being asked to perform 4 trials of a mental arithmetic task in which
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participants subtracted a random 2 digit number from a random 4 digit number
continuously for 1 minute. At the end of I minute, participants were immediately given
new numbers for the subtraction task and asked to begin again, such that 3 separate
minutes each with different numbers constituted I trial. The numbers used for this task
are presented in Appendix F. This laboratory stressor is known to produce stress
reactivity and allow for habituation (Al' Absi, et al., 1997; Alderman, et al., 2007; Kelsey,
et al., 20~0; Kelsey, et al., 2004; Maier, et al., 2003; Matsumura & Sawada, 2004;
Quigley, et al., 2002).
Additionally, participants were informed that they were videotaped during this
task for review by researcher. The video camera was placed approximately 2 fe.e t in front
of the seated participants. The video camera served as evaluative observation, which is
known to increase stress reactivity (Alderman, Arent, Landers, & Rogers, 2007;
Blascovich, 1999; Kelsey, et al. , 1999; Kelsey, et al., 2000, Kelsey, et al., 2004). The
laboratory stressors utilized in this study are empirically validated to safely produce a
.stress response in a research setting in human subj ects (Alderman, et al., 2007 Kelsey, et
al., 2004). To further ensure that participants perceived the procedure as stressful, the
researcher gave participants prompts to "speed up", "look at the camera", or "sit still". If
participants asked questions during the procedure, the researcher instructed the
participant to "keep going" or "keep trying".

Health Screening Questionnaire. All participants were asked to complete a
questionnaire which screened for (1) significant health problems (e.g. high blood
pressure, cardiovascular disorders), (2) psychological disorders (e.g. clinically diagnosed
anxiety or depression), and (3) the use of pharmacological drugs, medications, alcohol, or
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tobacco products that may influence cardiovascular responses to stress. This
questionnaire is reported in Appendix B.
Demographic Form. Participants were also asked to complete a short

questionnaire indicating their age, gender and ethnicity. This form also asked participants
to self-report on a 6-point Likert type scale the level of stress he or she experienced
during the procedure. The demographic form is reported in Appendix C.
Procedure

The researcher met each participant one at a time in a research laboratory and
provided general ·information about the nature of the study. Participants were informed
that the purpose of the study was to investigate cardiovascular responses to the cognitive
task of mental arithmetic and that physiological responses of heart rate and blood
pressure would be measured at rest and during cognitive tasks. After participants
completed the informed consent form and the Health Screening Questionnaire (reported
in Appendices A and B respectively), they were asked to sit quietly, relax, and move as
.little as possible in a chair pre-arranged by the researcher with a video camera mounted
on a tripod 2 feet directly in front of chair. Participants were then informed that baseline
BP and HR values would be obtained by the average of 3 BP and HR measures at Iminute intervals after a 2 minute resting period. This baseline assessment also ensured
that participants had normotensive BP (BP values~ 140/90) in accordance with the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (Chobanian et al., 2003). Participants were asked if they had any questions.
After any potential questions were answered, the Omron HEM-780 blood pressure and
heart rate monitoring device was administered to participants and the baseline assessment
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began. Following the baseline assessment, participants were then given the following
instructions:
"I am going to ask you to-subtract a random 2 digit number from a random 4 digit
number continuously for 1 minute, where 3 minutes equals 1 trial. There will be a
total of 4 trials. There will be a 2 minute resting period in between each of the 4
trials. Your performance during this task will be recorded with a video camera
pl~ced in front of you. These videotaped recordings will be evaluated later in
order to rate the speed, accuracy, and poise with which you perform this task."
The researcher then used the numbers 100 and 20 to briefly demonstrate how the mental
subtraction task should be performed. Participants were then instructed to work as rapidly
and accurately as possible, and that if they were to forget their numbers, that they should
continue the subtraction task with the last numbers they could remember. Participants
were further instructed to maintain eye contact with the video camera throughout the
mental subtraction task. Participants were then given the 4 digit and 2 digit numbers for
.the mental arithmetic task by experimenter. Participants were asked to recite the numbers
before beginning the subtraction task. The researcher ensured that the numbers were
accurately reported by the participant and then instructed the participant to begin. Blood
pressure and HR values were assessed at the 25 second mark of each of the 1 minute
subtractions.
Following the first trial, participants were instructed to sit quietly, relax, and move as
little as possible in the same chair for 2 minutes. Following the 2 minute resting period,
participants were given the next numbers for the mental subtraction. Participants were
again asked to recite the numbers before beginning. The researcher ensured that the
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numbers were accurately reported by the participants, and then instructed the participant
to begin. This process of mental arithmetic followed by a resting period was completed a
total of3 times (3 trials made up each of 3 separate I-minute mental subtraction tasks)
before any manipulation of environmental context occurred.
Novel Room Condition. Participants assigned to the Novel Room condition were
required to change physical location for the 4 th and final trial. Following the 3rd trial,
participants that were randomly assigned to the Novel Environment Condition were
instructed to follow the researcher to another class-room located approximately 50 feet
down the hall.

In this new location, participants in the Novel Environment Condition

were asked to sit in a chair pre-arranged by the researcher with a video camera mounted
on a tripod 2 feet directly in front of chair. Participants were then instructed to sit
quietly, relax, and move as little as possible for a 2 minute resting period before the start
of the 4 th trial. The researcher then provided participants with new 4 digit and 2 digit
numbers. Participants were again asked to recite the numbers before beginning. The
.researcher ensured the numbers were accurately reported by the participants, and then
instructed the participant to begin.
Stable Room Condition. The only difference between the Novel and Stable Room
th

conditions was the physical room in which the 4 and final trial took place. Those
participants in the Stable Room .condition remained in the same room throughout all
trials. Following the 3 rd trial, participants assigned to the Stable Environment Condition
were instructed to sit quietly, relax, and move as little as possible for a 2-minute resting
period. Following the 2-minute resting period, the researcher provided participants with
new 4 digit and 2 digit numbers. Participants were asked to recite the numbers before
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beginning the mental subtraction task. The researcher ensured that the numbers were
recalled accurately, and the instructed participants to begin. During all trials, if
participants stopped performing or complained during the mental arithmetic task they
were prompted to, "keep going" or "keep trying". Throughout all trials participants were
also given prompts to " look at the camera" and "sit still". These prompts all served to
increase perceptions of stress due to evaluative observation.
Following the 4th and final trial, all participants were given a demographic
questionnaire to collect information about gender, ethnicity, and age, and to collect a selfreport of the levei of stress experienced by participants during the task. Immediately after
completing this form, participants were given part 1 of a 2 part debriefing form which
described the general nature of the study, provided researcher contact information, and
indicated when the study would conclude and when participants would receive part 2 of
the debriefing. Participants were thanked and given time to have any potential questions
answered by the researcher. Part 2 of the debriefing form revealed that the participants
. were not actually videotaped and disclosed that the purpose of the study was to
investigate the role of physical context on stress habituation. This was administered to all
participants at the conclusion of the study. Debriefing forms 1 and 2 are reported in
Appendices D and E respectively.

Results
A 2 (Physical Context) X 5 (Trial) mixed between-within subjects ANOV A was
performed on each of the dependent variables (systolic blood pressure, diastolic blood
pressure, and heart rate). The room of the final trial (Novel versus Stable) served as the
between-subjects factor, whereas trial number (baseline + 4 trials) served as the within-

26

subjects factor. An alpha level of .05 determined the level of significance for all statistical
tests. Because the patterns of data were not expected to be linear, contrasts were
performed to test for linear, quadratic, cubic, and quartic trends for the within-subject
factor (Trial). Follow-up analyses were performed to test the a priori hypotheses (stated
above) using the mean-square error from the omnibus ANOVA and a Bonferroni adjusted
alpha level (a= .017). One participant had to be omitted from the analysis due to an
equipment malfunction.

Systolic Blood Pressure
The results for systolic blood pressure were consistent with the hypotheses. Figure
1 represents the average systolic blood pressure as a function of trial and physical
context. The interaction effect between trial and context was significant, Wilks' Lambda

= .40, F (4, 20) = 7.61,p < .01, 1/ = .60. In additio1-1, there was a significant main effect
of trial, Wilks' Lambda = .11 , F(4,20) = 39.99,p < .001, 172

= .89. The linear main effect

of trial was not significant (p = .92); however, the quadratic, cubic, and quartic trends
were significant (p < .05 for all tests). A quadratic trend best fit the data for the Stable
Room condition, F (1,9) = 65.96, p < .001, 11=

= .88, whereas a cubic trend best fit the

data for the Novel Room condition, F (1 , 14) = 81.88, p < .001 ,

~l = .85. There was no

main effect of physical context.
A priori comparisons were performed on the d~ta to determine w hether
hypothesis la was confirmed, i.e. whether or not participants reacted to the laboratory
stressor as predicted. T he means were collapsed across contexts for the baseline and first
trial and then compared. These means were determined to be significantly different, F
( 1,23) = 166.96, p < .001 , MSE = 20.83, with means of 112. 83 (SD= 10.55) for baseline
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and 129.51 (SD= 11.88) for trial 1. In addition, Hypothesis 1b was tested by comparing
means across context from trial 1 and trial 3 to determine whether or not habituation had
occurred as predicted. Significant differences between trials 1 and 3 confirmed that
habituation had taken place, F (1 , 23) = 109.04,p < .001, MSE = 20.83, with means of
129.51 (SD = 11 .88) for trial 1 and 116.03 (SD= 11.39) for trial 3. Hypothesis le
generated the critical comparison of the study and was tested by comparing means
between groups for trial 4 to determine if differences in habituation due to changes in
physical context were present. As hypothesized, significant differences w ere obtained
between means from the Stable room condition and the Novel room condition for trial 4,

F (1, 23) = 39.84, p < .001, MSE = 20.83, with means of 113. 57 (SD= 10.70) for the
Stable room condition and 125.33 (SD= 13.9 1) for the Novel room condition.

Diastolic Blood Pressure
The results for diastolic blood pressure were consistent with the hypotheses.
Figure 2 represents the average diastolic blood pressure as a function of trial and physical
context. The interaction effect between physical context and trial was significant, Wilks'
Lambda= .55, F (4, 20) = 4.10, p < .05, 172

= .45. The main effect of trial was significant,

Wilks' Lambda= .29, F (4,20) = 17.87,p < .001,

n= = .78. The linear main effect of trial

was not significant (p = .1 0); however, the quadratic and cubic, trends were significant (p
< .001 for both tests). The quartic trend was not significant (p = .55). A quadratic trend
best fit the data for the Stable Room condition, F (1,9) = 24.10,p < .01, ,,: = .73,
whereas a cubic trend best fit the data for the Novel Room condition, F(l,14) = 32.62,p
< .00 I, 11= = .70. There was no main effect of physical context.
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Planned comparisons were performed on the data to determine whether or not
participants reacted to the laboratory stressor as predicted (Hypothesis 2a). The means
across contexts from baseline and trial 1 were compared and were determined to be
significantly different, F (1,23) = 74.54, p < .001, MSE = 20.44, with means of 77.23 (SD

= 9.1 1) for baseline and 88.27 (SD = 8.58) for trial 1. In addition, means across
conditions from trial 1 and trial 3 and were compared to test hypothesis 2b and significant
differences were obtained confirming that habituation had taken place, F (1,23) = 36.83,

p < .001 , MSE = 20.44, with means of 88.27 (SD= 8.58) for trial 1 and 80.51 (SD =
10.91) for trial 3. Hypothesis 2c was tested by comparing means between groups for trial
4 to determine if differences in habituation due to changes in physical context were
present. Significant differences were obtained between means from the Stable room
condition and the Novel room condition for trial 4, F ( 1,23) = 12.48, p < .01, MSE =
20.44, with means 80.17 (SD= 7.71) for the Stable room condition and 86.69 (SD = 8.63)
for the Novel room condition.

ff.earl Rate
The results for heart rate were not consistent with the hypotheses. Figure 3
represents the average heart rate as a function of trial and physical context. There was no
interaction effect between trial number and context. The main effect of trial number was
significant, Wilks' Lambda = .24, F (4, 20) = 15.93, p < .001 , 17= = .76. The linear main
effect of trial was not significant (p = .88); however, the quadratic, cubic, and quartic
trends were significant (p < .05 for all 3 tests). A quadratic trend best fit the data for the
Stable Room condition, F (1 ,9) = 16.78, p < .05, 11~ = .65, whereas a cubic trend best fit
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the data for the Novel Room condition, F ( 1,14) = 20.02,p < .05, ,;: = .59. There was
no main effect for physical context.
A priori comparisons were performed on the data to determine whether or not
participants reacted to the laboratory stressor as predicted. The means across conditions
from baseline and trial l were compared and were determined to be significantly
different, confirming hypothesis 3a, F (1 , 23) = 44.18, p < .001, MSE = 24.33, with
means of ~0.29 (SD = 13.19) for baseline and 91.82 (SD = 14.74) for trial 1. In addition,
means across conditions from trial 1 and trial 3 and were compared to determine whether
or not habituation had occurred as predicted. Significant differences between trials 1 and
3 confirmed hypothesis 3b, F (1 , 23) = 17.91, p <.001 , MSE = 24.33,with means of 91.82
(SD = 14. 74) for trial 1 and 84.48 (SD = 12.54) for trial 3. No significant differences in
heart rate habituation were found between Novel room and Stable room conditions.
Perceived Stress
Participants reported perceived levels of stress experienced during the procedure
.on 6-point Likert scale with a response of 1 indicating that the procedure was not at all
stressful, and a response of 6 indicating that the procedure was extremely stressful. The
mean self-reported stress level was 4.42 (SD= 1.24), indicating that participants felt they
experienced a moderate to high degree of stress.

Discussion
Habituation is an adaptive process that reduces the potentially harmful effects
associated with prolonged exposure to stress. For this reason, it is important to
understand the variables that contribute to and/or impair the process of habituation. The
present study expanded current knowledge of the factors that influence habituation by
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identifying the modulating effects of the physical context of stress exposure on stress
response habituation. The design served as an extension to previous research conducted
by Grissom, et.al. (2007) by identifying this effect in humans. It was hypothesized that
habituation of blood pressure (systolic and diastolic) and heart rate would be disrupted by
a change in physical context. The hypothesis was confirmed for systolic and diastolic
blood pressure. Participants in the Stable Room condition showed elevated levels of SBP
in response to the laboratory stressor and subsequently habituated (i.e. displayed
decreased reactivity) upon repeated exposures to the laboratory stressor. Participants in
the Novel Room condition displayed SBP elevation in response to the laboratory stressor
th

and initially displayed habituation of SBP reactivity. Upon the 4 trial, those participants
in the Novel Room condition displayed impaired habituation demonstrated by a
significant increase in SBP after being moved to a novel physical context (i.e. a new
room), thus confirming the hypothesis that a change in physical context would disrupt
habituation as measured by SBP.
DBP values followed a pattern consistent with that found in SBP values.
Participants in the Stable Room condition initially displayed elevated DBP values after
exposure to the laboratory stressor and subsequently displayed habituation on repeated
exposure to the laboratory stressors. Participants in the Novel Room condition displayed
DBP elevation in response to the laboratory stressor and initially displayed habituation of
DBP reactivity by the 3 rd trial. Upon the 4 th trial, those participants in the Novel Room
condition displayed impaired habituation after being moved to a novel physical context as
measured by DBP.
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The hypothesis of impaired habituation due to changes in physical context was
not confirmed when HR was considered as the dependent variable. Participants in both
conditions displayed significant increases in HR after the first exposure to the laboratory
stressor in trial 1. All participants habituated to the laboratory stressor by trial 3.
However, in contrast to the results found from measures of SBP and DBP, there was no
significant difference between groups for trial 4. The cause ofthis discrepancy is, as of
yet, incon~lusive. It was also noted that a significant difference in HR existed between
the Stable Room and Novel Room conditions at baseline. This was an unanticipated
finding. One possible reason is that students' cardiovascular reactivity can sometimes be
inconsistent. Hughes (2004) found increased levels of cardiovascular activity up to two
weeks prior to upcoming exams, with a decrease in cardiovascular activity following
exams. Participants in the present study were currently enrolled in courses, it is possible
that academic demands may have influenced participant cardiovascular activity, but it is
not clear why this would create a significant difference between conditions. Another
potential cause for this finding is that the sample consisted of mostly women (73 .1 % ).
Previous studies have found that women display higher resting HR values and greater HR
reactivity to stress (Anderson & McNeilly, 1991 ; Collins & Frankenhaeuser, 1978).
Other studies found very small variance in HR values with an all male sample, but a large
variance in HR values with a mixed sample of men and women (Kelsey, et al., 1999).
These findings are consistent with the data obtained from the present study, which found
standard deviations in HR values to be 3 1% to 48% higher in females than in males. It is
possible that the large degree of variance and the increased reactivity in regards to HR
influenced the inconsistencies found between blood pressure and HR. Previous research
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has also found that the introduction of evaluative observation impairs HR habituation to
repeated mental arithmetic (Kelsey, et al., 2000; Kelsey, et al., 2004). The present study
used evaluative observation in conjunction with mental arithmetic throughout all trials,
and HR habituation was observed, however, with a sample known to be highly reactive
and display more variance in regards to HR values, it is possible that the use of evaluative
observation as a laboratory stressor influenced the inconsistencies observed between
blood pressure and HR values. Participants' appraisal of the laboratory setting has also
been known to cause increases in stress reactivity (Cacioppo, Rourke, Marshall-Goodell,
Tassinary, et. al, i990). Unfortunately, such appraisals were not obtained in the current
research. Furthermore, this effect, in and of itself would not explain the differences found
between groups, however, considering the small number of participants in each condition

(Stable Condition= 10, Novel Condition = 15), one.or two abnormal appraisals could
lead to a large difference in HR reactivity at baseline. While previous research does not
provide a framework in which the HR data obtained from this study can fit discretely, it
,does provide some grounds for speculation as to why the HR data did not follow similar
patterns to those found in blood pressure reactivity. Finally, one must consider the small
sample size from which data was obtained for this study when speculating as to why the
HR data was inconsistent. A larger sample size would allow for more accurate
conclusions to be drawn from this data.
Implications

The results of the present study can be incorporated into the large body of
research that addresses the many aspects of stress reactivity and stress response
habituation. Consistent with the results of Grissom, et al. (2007) in rats, this study

33

obtained results indicating that the physical context of previous stress exposure modifies
habituation to stress. Just as certain stressor characteristics such as intensity and
chronicity are salient variables in regards to habituation, so too is the physical context of
stress exposure. Any knowledge which aids in the understanding of stress is beneficial as
it allows for preventative measures to be taken in order to avoid the health detriments
associated with stress. The present results are particularly important because they identify
a factor th~t disrupts the body 's natural adaptive method for dealing with chronic or
repeated stress.
The results of this study suggest that when people are exposed to repeated,
homotypic stressors, changing their physical environment could have detrimental effects
on stress response habituation. There are surely certain circumstances in which changes
in physical context are unavoidable; however, there are many situations in which the
maintaining the same physical context is both possible and beneficial. One such example
is room transfers in hospital stay. The average patient is transferred three to six times
c;iuring his or her hospital stay, and a typical nursing station transfers or discharges 40%
to 70% of patients every day (A. L. H., unpublished data, 2003, cited in Hendrich, Fay, &
Sorrells, 2004). Admission to a hospital is stressful (Fredriksen & Ringsberg, 2007).
When a patient is transferred three to six times, his or her habituation to such stress
would be impaired, thus increasing stress reactivity. Such transfers are not always in the
patient' s best interest considering the wide range of health detriments that can result from
stress such as impaired wound healing (Barbul, 1990) and decreased ability to fight
infection (Glaser, et al., 1992). Ill persons in hospitals would benefit from minimal room
changes in order to suppress stress reactivity and increase chances for recovery.
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Furthermore, it is estimated that 2 million people in the Unites States acquire infections
each year while being treated in the hospital for other reasons; 90,000 of those people die
as a result (Morrissey, 2003, cited in Chaudhury, Mahmood, & Valente, 2005).
Considering that room transfers can increase stress, thus decreasing the body's ability to
combat infection and recover from illness, room transfers should be considered carefully.
Another potential application for the findings of this study involves standardized
testing. A~ standardized tests such as the FCAT become increasingly important, it is
necessary to ensure that student are taking the proper precautions to ensure optimal test
performance. Stress has been found to decrease concentration, laboratory test
performance, and academic test performance (Keogh, Bond, French, Richards, & Davis,
2004; Oaten & Cheng, 2005; Ng, Koh, Chia, 2003). Furthermore, stress is strongly
correlated with anxiety (Grillon, Duncko, Covingtoe, Kopperman, & Kling, 2007;
McBlane & Handley, 1994; Roth, Tam, Ida, Yang, & Deutch, 1988), therefore, the stress
of testing in a novel environment, as opposed to a stable environment, may increase test
~iety, which is also inversely correlated with test performance (Putwain, 2008). The
findings of this study can be put to use by creating study environments for students that
accurately mimic actual testing environments. It can be assumed that students would
study on a few separate occasions, thus allowing for habituation of the stress experienced
during test preparation. Therefore, minimal changes in environment would allow for
continued habituation during actual testing. In this way, test performance can be
increased due to decreases in stress and test anxiety. Also, if students had the option of
taking pre-tests in the same physical context in which testing will take place, the effects
of stress and test anxiety on test performance would be reduced significantly.
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The results of this study should also be considered when attempting to explain the
phenomenon of context-dependent memory. As previously mentioned, context-dependent
memory involves decrements in learning and recall resulting from a change in physical
context (Godden & Baddeley, 1975; Gordon, McCracken, Dess-Beech, & Mowrer,
1981 ). Stress is also correlated with impairments in learning, memory, concentration, and
test performance (Lupien and McEwen, 2000; Oaten & Cheng, 2005; Ng, Koh, Chia,
2003; Roo!endaal, 2000). Therefore, the increased stress reactivity associated with a
change in physical context should be considered when attempting to explain the
underlying mechanisms which contribute to context-dependent learning.
Future Research
The results of this study are in need of replication and further methodological
elaboration. The present study obtained a sample of-0nly 25 participants. Future research
should seek to obtain a greater number of participants to reduce statistical variance and
allow for more accurate analysis and interpretation of data. As previously mentioned, the
µse of college students for studies of cardiovascular responses to stress has been
cautioned by previous researchers due to the fluctuations in cardiovascular activity in this
population (Hughes, 2004). Although the population of college students readily lends
itself to research, it would increase the generalizability of the results to obtain samples
from alternative sources. However, because stress is a rather natural aspect of the human
experience, it may be difficult to eliminate baseline differences in cardiovascular activity.
Therefore, regardless of the population from which the sample is derived, a strict criteria
for baseline cardiovascular activity, in particular HR activity, should be considered in an
effort to normalize baseline values.
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Another suggested area for consideration is the interval between stress trials. In
the present study, only a two minute interval existed between the baseline and all 4 trials

'

such that entire procedure was completed in approximately one hour. This is a relatively
short period of time when attempting to compare the results of this study to types of
chronic or repeated stress experienced by humans. In modern society, stress consists of
forty hour work weeks and rush hour traffic five days a week. A procedure in which the

interval between stress trials was increased, perhaps to a full day, would yield results that
could be generalized more easily to the population. It is necessary to identify whether
impaired habituation would still result from changes in physical context between one day
and another.
The present study consisted of only two conditions. Both conditions started in the
same room, while the Stable Room condition remained in the same room throughout all
th

trials and the Novel Room condition was changed to an alternative room for the 4 trial.
Because no data was obtained to analyze baseline levels, initial reactivity, and habituation
in the alternative room, it could be argued that impaired habituation was not due entirely
to a change in physical context, but rather due to some unidentified characteristic of the
alternative room. With this consideration in mind, future research should use a
completely counterbalanced design.
This study measured stress, by way of cardiovascular reactivity, in response to
mental arithmetic. Future research should also address the effect of physical context on
habituation with alternative laboratory stressors and other indices of stress reactivity (e.g.
serum/salivary cortisol). With such results, researchers can assert with more confidence
that physical context is a salient variable in regards to human stress response habituation.
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In summary, the results of this study confirm two of the three hypotheses,
indicating that novel physical contexts impair cardiovascular habituation to stress. These
results have useful applications in.the human population, however, further investigation
is needed to confirm the extent to which these results can be generalized to humans.
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Figure 1. Average systolic blood pressure as a function of trial and
physical context.
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Figure 2. Average diastolic blood pressure as a function of trial and
physical context.
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Appendix A
Please read this consent document carefully before you decide to participate in this study.
You must be 18 years of age or older to participate.
Informed Consent Form
Project Title: Cardiovascular Responses to Cognitive Tasks
Purpose of this research study: The purpose of this study is to investigate the body's heart rate and

blood pressure responses to challenging cognitive tasks such as mental arithmetic.
What will you be asked to do in this study: You will be asked to complete a Participant Information

Form that provides demographic information and screens for any health problems and/or drug/alcohol
use that may-influence heart rate and blood pressure. You will be seated in a chair facing a video camera
which will monitor your responses, and you will be fitted with a blood pressure monitoring device. The
device may cause slight arm discomfort, but is not associated with any major foreseeable risks. You then
will be asked to compl~te a series of mental arithmetic tasks. Your blood pressure and heart rate will be
monitored before and during the mental arithmetic task. At the end of the study, you will be given a
Debriefing Form.
Time Required: Approximately 1 Hour
Risks: There are no foreseeable risks associated with this study. However, you are free to withdraw your
participation from this study now, or at any time during the study.
Benefits/Compensation: Participation in this study will allow you to experience the research process

first-hand as a participant. Participation in this study may also meet the requirements for ext ra credit in
some psychology and education classes. Only the fact that you participated in this study (but not your
performance) will be documented so that your instructor can give you the credit for participation when
applicable. Refer to your syllabi or speak with your professors regarding their extra credit policy.
Confidentiality: The information gathered in this study will be analyzed in aggregate form. Individual

r~sponses will not be published; They will be secured in a locked file cabinet. Informed consent forms will
be secured in a separate envelope from Participant Information Forms to ensure student confidentiality.
Only the reseacher and faculty advisors will have access to materials and information gathered during this
study.
Voluntary Participation: Your participation in this study is entirely voluntary. There is no penalty for not

participating. You may withdraw from the study at any time without penalty.
Whom to contact if you have questions about the study: Dr. Shannon Whitten at
swhitten@mail.ucf.edu, or (321) 433-7981 or Dr. Karen Mottarella at kmottare@mail.ucf.edu, or (321)

433-7982.
Whom to contact about your rights in the study: This research study has been reviewed and approved

by the UCF Institutional Review Board (IRB). Questions or concerns about research participants' rights
may be directed to the UCF IRB office,
University of Central Florida (UCF)
Office of Research and Commercialization
12201 Research Parkway, Suite 501
Orlando, Fl 32826-3246
The telephone number is (407) 823-2901
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Please Initial Below

_ _ _ I have read and understand the procedure described above.
_ __

I have received a copy of this informed consent form.

_ _ _ I am 18 years of age or older.
_ _ _ I voluntarily agree to participate in this study.

Signature of Participant

Date
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Appendix B

Health Screening Questionnaire
Directions: Circle One

Do you have any significant health conditions that may influence your cardiovascular (i.e. blood pressure
or heart rate) reactivity to challenging cognitive tasks (e.g. cardiovascular disease, hypertension, diabetes)?

YES

NO

If yes, are your currently taking any prescription medication for this condition?
YES

NO

Do you have any psychiatric/psychological conditions that may influence cardiovascular (i.e. blood
pressure or hear rate) reactivity to challenging cognitive tasks (e.g. generalized anxiety disorder, panic
attacks)?
YES

NO

If yes, are you currently taking any prescription medication for this condition?
YES

NO

Have you consumed any alcoholic beverages in the past 12 hours?
YES

NO

If yes, how many alcoholic beverages were consumed in the past 12 hours?

Have you consumed any non-prescription medication in the past hour?
YES

NO

Have you consumed any products containing tobacco in the past hour?
YES

NO

Have you consumed any products containing caffeine in the past hour?
YES

NO
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Appendix C
Demographic Form

I . Age _ _ _ __
2. Sex
Male

Female

3. Ethnicity
American Indian/Native American

Black/African American

Chinese/Japanese/Asian Descent

Hispanic/Latino
Other_ _ _ _ _ _ _ __ _

White

4. What is your current college major?
5. On a scale of I to 6, how stressful would you rate the previous cognitive tasks?
Not at all Stressful

Extremely

Stressful
2

4

3
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Appendix D
Debriefing Form

Thank you for participating in this study. The purpose of this study was to investigate cardiovascular
responses to challenging cognitive tasks. This study is scheduled to conclude at the end of the Spring
2008 semester, at which time I can send you more detailed information.

Please know that your

participation in this study is greatly appreciated. If you have any further questions about this study, you
can contact Kevin Palmer at KPalmar@cfl.rr.com , or Dr. Shannon Whitten at SWhitten@mail.ucf.edu , or
(321) 433-7981.

53

Appendix E
Debriefing Form #2

54

Appendix E
Debriefing Form #2

Thank you again for participating in this study. The full purpose of this study was to investigate the effect
of physical context on stress response habituation. The purpose of the cognitive task was to induce a state
of stress (as measured by cardiovascular reactivity). Participants were not actually video-taped during the
cognitive task, and performance was not evaluated by researchers. The purpose of the video camera was
to increase the stressfulness of the situation in order to measure cardiovascular reactivity to such stress.
Once again, your participation in this study was greatly appreciated. If you have any further questions
about this study, you can contact Kevin Palmer at
SWh1tten@mai.ucf.edu. or (321) 433-7981.
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Pa ,,.,a p>cf "com. or Dr. Shannon Whitten at
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Appendix F
Mental Subtraction Task Numbers

Trial 1
9031

34

6850

17

4895

41

7337

22

9330

19

2339

47

6205

43

6153

37

3399

14

7374

29

4226

46

6093

24

Trial 2

Trial 3

Trial 4
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